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ABSTRACT

Objective We examined whether it is cost-effective to
measure free thyroxine (FT4) in addition to thyrotropin
(thyroid-stimulating hormone (TSH)) on all requests for
thyroid function tests from primary care on adult patients.
Background Hypopituitarism occurs in about 4 people
per 100000 per year. Loss of thyrotropin (TSH) secretion
may lead to secondary hypothyroidism with a low TSH
and low FT4, and this pattern may help to diagnose
hypopituitarism that might otherwise be missed.

Design Markov model simulation.

Primary outcome measure Incremental cost-
effectiveness ratio (ICER), the ratio of cost in pounds to
benefit in quality-adjusted life years of this strategy.
Results The ICER for this strategy was £71437. Factors
with a large influence on the ICER were the utilities of

the treated hypopituitary state, the likelihood of going to
the general practitioner (GP) and of the GP recognising a
hypopituitary patient. The ICER would be below £20 000 at
a cost to the user of an FT4 measurement of £0.61.
Conclusion With FT4 measurements at their present cost
to the user, routine inclusion of FT4 in a thyroid hormone
profile is not cost-effective.

INTRODUCTION

Hypothyroidism is common in the UK, but
hypothyroidism secondary to hypopituitarism
is not. Primary hypothyroidism (caused by
disease of the thyroid itself) occurs in approx-
imately 400 per 100000 women per year and
60 per 100000 men per year. By contrast,
only about 4 per 100000 people per year
develop hypothyroidism secondary to disease
of the pituitary or hypothalamus.*”

In primary hypothyroidism, the concen-
trations of serum or plasma free thyroxine
(FT4) and free triiodothyronine (FT3)
are low reflecting the thyroid’s inability to
produce the adequate hormone, whereas (in
response) the concentration of thyroid-stim-
ulating hormone (TSH, thyrotropin) is high.
In secondary hypothyroidism, for a given

Strengths and limitations of the study

» The first study to use a health-economic approach
to determine the cost-effectiveness of including free
thyroxine (FT4) in routine thyroid function tests for
specimens from primary care.

» This method has general applicability for diagnostic
tests and allows the effects of factors such as cost
per test, sensitivity and specificity to be analysed.

» Because there are no randomised studies of either
the primary intervention (measurement of FT4) or
the effect of treatment of hypopituitarism, our anal-
ysis depends on observational data.

concentration of FT4, the TSH is inappropri-
ately low, reflecting the pituitary’s inability to
produce adequate hormone.

When general practitioners (GPs) in the
UK who suspect hypothyroidism request
‘thyroid function tests’ (TFIs) in adults,
many National Health Service (NHS) labo-
ratories in the UK measure TSH alone,
and add FT4 only when the TSH result is
abnormal, that is, too low or too high or close
to the lower or upper end of the reference
interval. However, this strategy will fail to
identify people with hypothyroidism caused
by hypothalamic or pituitary disease, whose
TSH values appear ‘normal’ when looked at
in isolation, but are inappropriately low for
the concentration of FT4. Identifying people
with undetected pituitary disease is likely to
improve both quality of life and length of
life as people with untreated pituitary disease
have higher mortality rates than patients with
treated hypothalamic or pituitary disease,
even when the TSH is normal and/or they
do not have symptoms.” Because pituitary
disease may cause non-specific symptoms,
such as tiredness, some clinicians have called
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Open access

for measuring FT4 in addition to TSH when screening for
thyroid dysfunction.

We have examined whether it is cost effective in the UK
to screen for pituitary disease by measuring FT4 in addi-
tion to TSH in blood samples for TFTs from primary care.
We model a cohort of patients using a cost-utility analysis
over the lifetime of patients to compare each strategy to
determine the costs, quality of life and length of life.

METHODS

Clinical background

Disorders of the hypothalamus, pituitary stalk or pitu-
itary itself may cause deficiency of one or more pitu-
itary hormones (hypopituitarism). Depending on the
underlying disease, this may be accompanied by excess
secretion of other pituitary hormones, such as prolactin,
growth hormone (GH) or adrenocorticotropin (ACTH).
ACTH and TSH secretion tend to be lost later than other
hormones in hypopituitarism. Although patients with
excess hormone secretion may have recognisable clin-
ical features and premenopausal females may develop
amenorrhoea, other groups may have only non-specific
features, such as tiredness. It is important to diagnose
pituitary disorders: the underlying cause may be treat-
able, for instance, by surgery or appropriate medications
such as dopamine agonists or somatostatin analogues;
treating hypopituitarism reduces the excess morbidity
and mortality associated with this condition.

Laboratory tests for suspected pituitary disease include
measuring follicle-stimulating hormone (FSH), lutei-
nising hormone (LH) and prolactin, but assessing pitu-
itary function for ACTH, TSH and GH secretion usually
requires dynamic function tests, such as inducing hypo-
glycaemia with insulin. In TSH deficiency, the TSH may
be low or undetectable. However, if some TSH secretion
is retained, but the pituitary’s response to low thyroid
hormones is inadequate, there should be a mismatch
between the TSH and FT4.!

Population

We developed a model using data from a population-based
laboratory database for 2016 to calculate the age and sex
distribution of adults (age =18 years) who have thyroid
tests in Oxfordshire. The total population in the catch-
ment is approximately 680 000; the population aged 218
years is 540272 (272,717 women). In 2016, this reference
laboratory performed 191043 thyroid tests on specimens
from primary care in this population.

To calculate the death rates given the mean age of the
adult population (51 years) and stratified by sex, we used
UK mortality tables. We estimated the incidence of hypo-
pituitarism in the population to be 4.2 per 100000 per
year, with 50% of cases occurring in women.”

Patient and public involvement
There was no formal patient or public involvement in the
development of the research question.

pl.ia,

Hypopit,
hypothyroid ‘

Markov chain model with five health states,
showing possible transitions between them.

Figure 1

Model

We simulated the clinical question by developing a

discrete Markov chain model with five health states

(figure 1) through which we sent a hypothetical popula-

tion of patients. The Markov chain describes a sequence

of possible events and connects them with the probability,

over time, of moving from one health state to the next.

The health states are:

1. No pituitary disease.

2. Undiagnosed pituitary disease without hypothyroid-
ism.

3. Undiagnosed pituitary disease with undiagnosed sec-
ondary hypothyroidism.

4. Treated pituitary disease with or without secondary hy-
pothyroidism.

5. Death, an absorbing state.

We chose a cycle length of 28 days. At the end of each
cycle, a (simulated) person may stay in his or her present
state or move to a higher numbered state. We chose values
to represent the probability of moving from state to state
(see transition matrices below). In the first three states,
the patient may visit his/her GP because of symptoms and
the GP may request tests, including TFTs. We modelled
two different options based on a laboratory’s policy of
whether it measures FT4 automatically or measures it
only in response to a TSH near either end of the refer-
ence interval or outside the reference interval. The prob-
abilities of the various events are summarised in table 1.

GPs request TFTs in as many as 15.7% of adults per year.
This figure is similar to those for our own laboratory, so
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Table 1 Probabilities and RRs used

Node Label Description Probability (%) or RR  Source

1 pl.5 Well to death From mortality tables From mortality tables

1 p1.2 Become hypopituitary, not hypothyroid 0.0021/year Ref 2

1 pl1.3 Become hypopituitary, hypothyroid 0.0021/year Ref 2

1 pil.la GP requests TFTs 16/year Ref 6

2 p2.5 Relative risk of death with 24 Ref 5
hypopituitarism

2 p2.3 Hypopituitary to hypothyroid 50/year Assumed

2 p2.4 GP recognises hypopituitary 20 Assumed

2 p2.2 Does not visit GP 10 Assumed

3 (p3.5) RR of death with with hypopit/ 316 Assumed
hypothyroid

3 p3.4.14 Tests suggest hypopituitary (with T4) 64 Ref 3

3 p3.4.tsh Tests suggest hypopituitary (no T4) 1 Ref 3

3 p3.4a GP recognises hypopituitary 50 Assumed

8 p3.3a Visit GP, no TFTs 5 Assumed

3 p3.3 Does not visit GP 10 Assumed

3 p3.4.t4f False positive rate 0.3 Refs 3, 16

4 p4.5 RR of death on treatment 1.1 Ref 5

GP, general practitioner; RR, relative risk; TFT, thyroid function test.

we have assumed that GPs request 16 sets of TFTs per 100
adults per year.

Transition matrices

We defined two transition matrices, which represent
the probabilities of progressing from one health state
to another. The matrices reflect the different options:
one matrix reflects testing TSH alone in specimens from
primary care, the other includes FT4. The only difference
between the two matrices is the difference in the proba-
bility of diagnosing central hypothyroidism (moving from
the state of hypopituitarism with hypothyroidism to the
state of diagnosed hypopituitarism).

Costs (table 2)

The current additional cost of adding a FT4 test to TSH
in our laboratory is £4.00. In the reference laboratory,
about 25% of specimens from primary care already have
an FT4 added because of a low or high TSH.

A false-positive result occurs when a patient in state 1
(no pituitary disease) has a result that suggests pituitary
disease. We assume that the proportion of false positive
results is 0.3%. This figure is derived from the paper of
Preiss and colleagues.” We estimate that the tests used
to exclude hypopituitarism in 2019 after a false-positive
result cost £ 50.00. This figure is estimated from repeating
the TFTs, and measuring GH, FSH, LH and prolactin,
and cortisol on a specimen obtained at 9 a.m., based on
the costs from our laboratory.

We estimate that the tests to confirm hypopituitarism
cost approximately £1000. This includes the costs of visits

to the endocrine clinic (approximately £500, based on an
initial visit costing £200, plus a follow-up visit costing £100,
and dynamic tests in the endocrine unit £300, based on
costs in our Trust), plus any further tests that are required,
such as a short synacthen test and pituitary imaging. The
cost of a year of pituitary replacement therapy is estimated
to be £2000. The major component of this is the cost of
GH replacement, which is currently about £20.00 per mg
for biosimilars.” The average GH dosage has been esti-
mated to be 0.29mg/ day,8 giving an average cost for GH
replacement of £2117 for those on GH. We assume that
75% of hypopituitary patients receive GH. Other costs,
including other hormone replacements (hydrocortisone,
thyroxine and testosterone/sex steroids), plus testing and
other clinical management are assumed to be contained
in the overall figure.

Mortality
In the baseline model, we use an average age at diagnosis
of 46 years.” We use the population mortality provided by
the UK Office for National Statistics for 2013-2015."" We
use a lifetime horizon to age 100 to capture all costs and
benefits.

In a meta-analysis, Pappachen and colleagues’ exam-
ined the effect of GH replacement in hypopituitarism,
and estimated the standardised mortality rate (SMR)
among patients with hypopituitarism comparing people
not on GH and people on growth hormone replacement
to the general population. The SMR for people not on
growth hormone therapy compared with the general
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population was 2.40 (95% CI: 1.46 to 3.34; 3.04; 95% CI:
1.98 to 4.10 in women vs 2.09; 95% CI: 1.24 to 2.94 in
men), whereas the SMR for people on GH replacement
was 1.15 (95% CI: 1.05 to 1.24; 1.57; 95% CI: 1.38 to 1.77
in women and 0.95; 95% CI: 0.85 to 1.06 in men). In the
absence of information on covariates, we use the crude
figures.

The Birmingham group9 did not find evidence that
thyrotropin deficiency increased mortality over the base-
line mortality, but, in this scenario, we assume that the
mortality is twice as high in those with hypopituitarism
and secondary hypothyroidism than in those with hypop-
ituitarism without hypothyroidism.

Utilities

We used the utility values obtained by Koltowska-Hagg-
strom and colleagues using UK tariffs.'' This study
derived values for health-related quality of life from the
general population of England and Wales by regressing a
25-item quality of life measure specific for GH deficiency
in adults against the EuroQual 5-D.

With a value of 1 reflecting perfect health and value
of 0 reflecting death, we estimate that the utility for the
normal population (health state 1) is 0.90, for hypop-
ituitarism (state 2) 0.67, for hypopituitarism with hypo-
thyroidism (state 3) 0.62 and for patients on pituitary
replacement therapy (state 4) 0.75."

We have assumed that a false-positive test does not
significantly reduce the quality of life.

We assume a discount rate of 3.5% for both costs and
benefits.

Running the model

Each simulation starts with a probability of 1 of being
in state 1. At the end of each cycle, the probabilities of
moving to another state are calculated. The cycles are
repeated until the horizon is reached. The probability of
being in each state is multiplied by the utility or the costs,
with discounting. The sum of these gives the relevant
quality-adjusted life years (QALYs) and the costs. The
difference in costs divided by the difference in QALYs
gives the incremental cost-effectiveness ratio (ICER).

For the probabilistic simulation, we repeat the process
while randomly varying inputs as explained below.

By multiplying the costs of measuring FT4 by the prob-
ability of doing TFTs in states 1, 2 and 3, we calculated the
extra cost incurred of adding FT4. In state 1, we calcu-
lated the cost of false-positive tests by multiplying three
values: the probability of requesting a TFT, the prob-
ability of false positive results and the cost of follow-up
tests. We assumed that one set of tests and their associ-
ated costs were used to confirm hypopituitarism (when
moving from state 2 or 3 to state 4).

We estimated the ICER by calculating the difference
in total costs (in £) between the groups with FT4 plus
TSH compared with measuring TSH alone divided by the
difference in QALYs (A costs/A QALY).

Table 2 Costs used in the model

Source of the estimated

Cost source Cost (£) cost

FT4 4.00 Current cost in our laboratory
False-positive 50.00 Estimated by authors

result

Confirmatory tests 1000 Estimated using current costs

in our Trust

Cost of GH References 7, 8

replacement

2117

FT4, free thyroxine; GH, growth hormone.

Sensitivity analysis

We examined the effect on the baseline ICER by varying
the time horizon and the probabilities, rates and costs in
tables 1 and 2 by 10%.

Probabilistic analysis

We conducted a probabilistic analysis by simulating vari-
ation that would occur randomly in the transition proba-
bilities, utilities and costs. We used beta pert distributions
for probabilities, utilities, costs and multipliers.'* For age
at which thyroid functions were done, we used random
sampling from the age distribution of the adult popu-
lation having TFTs in the reference laboratory. We ran
10000 simulations.

RESULTS

The base case model gives a difference in QALYs of
0.000157 at a cost of £11.24, that is a cost per QALY of
£71437 (table 3).

The ICER is linearly related to the cost of an FT'4 test,
with an intercept of £10781 per QALY gained and a slope
of £15 164 per QALY gained per £1 increase in the cost of
a test. This means that the total extra cost of an FT4 to the
requestor would have to fall to £0.61 to make the ICER
fall below £20000 per QALY gained.

Sensitivity analysis

Deterministic analyses

A sensitivity analysis tests which inputs impact the
results. The deterministic approach varies one variable
at a time from a prespecified range, in this case plus or
minus 10%. From table 4 and figure 2, the most influen-
tial variables are the utilities of the treated hypothyroid

Table 3 Base case ICER calculation

Cost (£) QALYs A Cost (£) A QALYs ICER
23.25 17.891419
34.49 17.891576 11.24 0.000157 71437

ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted
life year.
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Table 4 Exploration of effect of varying factors by +10

Factor Difference (%) Sign

Utility (treated hypopituitarism)  58.12 -

Utility (hypopituitarism) 37.90 +
p (GP diagnoses state 3) 37.51 +
p (develop hypopituitarism) 18.10 -
p (GP requests TFTs, general) 17.92 +
FT4 cost 16.98

Age at onset of hypopituitarism  15.51 =
SMR (central hypothyroidism) 14.76 -
p (go to GP, state 3) 13.87 +
p (FT4 abnormal, state 3) 12.17 -
p (GP requests TFTs, state 3) 11.73 -
SMR (hypopituitarism on 10.14 +
treatment)

Discount rate 7.44 +
Utility decline (central 2.73 -
hypopituitarism)

p (hypopit to hypothyroid) 2.33 -
Cost of pituitary replacement 2.01 +
p (go to GP, state 2) 1.78 +
p (GP diagnoses state 2) 1.78 +
FP rate (FT4) 0.94 +
Cost (FP) 0.94 +
p (TSH abnormal, state 3) 0.43 +
SMR (hypopituitarism) 0.35 +
p (central hypothyroidism) 0.00 0
Utility (baseline) 0.00 0

FP, false positive; FT4, free thyroxine; GP, general practitioner;
SMR, standardised mortality rate; TFT, thyroid function test.

04
AQALY

Figure 3 Probabilistic sensitivity analysis (with ICER

of £20000 per QALY gained shown as red line). ICER,
incremental cost-effectiveness ratio; QALY, quality-adjusted
life year.

state, the hypopituitary state, the likelihood of going
to the GP and of the GP recognising a hypopituitary
patient.

Probabilistic analysis

A probabilistic analysis changes the values of the inputs
to determine what happens to cost-effectiveness. The
source of the values come from random samples from
each of the distributions of the variables. The mean ICER
was £122417 per QALY gained (median, £73,242; IQR,
£51593-108016).

The result of this analysis is shown graphically in
figure 3, where the ICER is plotted on the cost-benefit
plane, with a reference line with a slope of £20000 per
QALY gained. Only 0.9% of these calculated ICER values
are <£20000 per QALY gained.

Utiity (treated

Utilty (hypopituitarism) -

P(GP diagnoses state 3) -

)
)
p(develop hypopituitarism) -
)

PGP requests TFTs, general) -

FT4 cost-

Age at onset of hypopituitarism =

SMR(central hypothyroidism) =

p(go to GP, state 3) -

Factor

)

)
P(FT4 abnormal, state 3) -
P(GP requests TFTS, state 3) -
SMR(hypopituitarism on treatment) -
Discount rate =
Utility decline (central hypopituitarism) =
p(hypopit to hypothyroid) -

Cost of pituitary replacement =

p(go to GP, state 2) -

P(GP diagnoses state 2) -

60,000 70,000

Change in factor
Il Decrease

B increase

80,000 90,000 100,000

Figure 2 Tornado diagram, showing the effect on the ICER calculation of altering each factor by 10%. ICER, incremental cost-

effectiveness ratio.
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Budget impact
The budget impact estimates the total cost, rather than
cost-effectiveness. If 15% of adults have a TFT per year,
and a quarter of these would have an FT4 in any case,
and the adult population of England is about 40 million,
then this would imply that laboratories would perform an
extra 4.5 million FT4 tests compared with a policy of just
analysing TSH, costing about £19.1 million per year.
Because more cases of hypopituitarism would be diag-
nosed, the costs of treatment would also rise.

DISCUSSION

A survey of laboratory practice in the 1990s"” suggested
that most laboratories in the UK use TSH as the front-
line test for requests for thyroid function requests from
primary care, adding FT4 and possibly FT3 if the TSH
falls outside certain limits. However, this strategy does not
identify people with hypopituitarism who have a ‘normal’
TSH that is inappropriately low for their (unmeasured)
FT4. In addressing whether it would be reasonable from a
clinical and cost standpoint to measure FT'4 at the onset,
we conclude that laboratories should not routinely test
specimens for FT4 in specimens from patients requested
by GPs.

Preiss and colleagues® studied 73650 requests for TFTs
from primary care and identified 10 new cases of hypop-
ituitarism. They concluded that measuring FT4 added to
TSH is clinically effective, but did not estimate the costs
or the benefits of this strategy.

Livingston and colleagues'* examined 26106 consecu-
tive TFTs and identified eight patients with hypopituita-
rism who would otherwise have been missed without an
FT4 measurement. They concluded that the extra reagent
cost of identifying each case was about £1451 based on an
approximate estimate per FT4 test of £0.45. They took
into account only marginal reagent costs to the labora-
tory and did not include non-laboratory costs such as
imaging and the costs of false-positive tests (113 patients
in this study, approximately 0.5% of tests). Because the
study was cross-sectional, it estimates the prevalence
rather than the incidence of hypopituitarism, and thus
underestimates the costs of an ongoing policy of using
FT4. Additionally, the true laboratory cost of the FT4 is
greater than the marginal costs of FT4 reagent alone: it
will include many additional elements including consum-
able costs, a proportion of the automation hardware costs
and a range of laboratory staff costs, such as increased
reagent management and data review.

Hypopituitarism is a comparatively rare condition.
The main benefit of measuring FT4 routinely is to make
the diagnosis earlier. During the delay incurred by not
measuring FT4, the risk of death is relatively small, so the
main benefit is in quality of life over this extra period.
These factors mean that the overall health gains for the
whole population by using FT4 as a screening test are
small, and so the ICER is high. We, therefore, suggest that
it does not reflect good value for money.

The cost-ineffectiveness of screening for thyroid disease
secondary to pituitary disease depends most heavily on
the estimates of health-related quality of life associated
with treated and untreated disease. However, these util-
ities are uncertain. A systematic review,"”” on which we
base our estimates, summarised studies of quality of life
in hypopituitarism. Many studies required mapping the
results of assessments using instruments specific to pitu-
itary disease to estimates of utility (notably, the EQ-5D). In
one study,' the authors used a GH-specific quality of life
instrument in patients and mapped this to EQ-5D from
the answers to the two questionnaires in 921 healthy indi-
viduals in England and Wales. The derived utilities for the
non-hypopituitary population were 0.83 in men and 0.81
in women. In hypopituitary patients with GH deficiency
before pituitary replacement therapy, the mean utility was
0.67, and this improved by an average of 0.08 on treat-
ment, the gain being independent of the number of defi-
cient pituitary hormones in addition to GH. Although the
baseline utility is lower than we have assumed (0.9), this
has no effect on the ICER (£71437 per QALY gained for
baseline utility 0.8).

Key determinants of the cost-effectiveness include
whether patients with secondary hypothyroidism go to
the GP, whether the GP recognises patients with unde-
tected hypopituitarism and hypothyroidism, the rate at
which GPs request TFTs, the age of onset of hypopituita-
rism and the cost of an FT'4 assay. Although the tornado
graph suggests a modest effect of the cost of testing FT4,
this is because our sensitivity analyses reflect only changes
of 10%. Although the reagent cost of an FT4 test has
fallen greatly in recent years, users still pay in the region
of £3-£4 per test because of the additional costs noted
above. We estimate that to make testing FT4 cost-effective
at an ICER of £20000 per QALY gained, the total labora-
tory cost to the user of measuring FT4 would need to be
<£0.61.

Changing the probabilities of the GP recognising hypo-
pituitarism, which in itself would entail costs, and the rate
at which patients move from state 2 to state 3 have little or
no effect on the ICER.

It may be argued that FT4 should be measured on
only the first request for a particular patient, excluding
requests for monitoring on patients with known thyroid
disorders and reducing the proportion of patients who
have a TFT request from 15.7% to 12%.° However, these
patients are also at risk of hypopituitarism, and so they
probably should be included in the analysis.

One of the strengths of this study is estimating the
probabilities of both false positives and false negatives.
The proportion of false positives we chose at 0.33% is
based on that found by Preiss et al.” Our estimate of the
proportion of false negative tests, that is, people in whom
testing with normal TFTs despite hypopituitarism is based
on Regal et aF

One of the drawbacks of this study is that the modelled
treatment effect depends on observational data. This is
because few trials of treating hypopituitarism exist with
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quality of life and mortality as endpoints. However, few
clinicians would argue with the effectiveness of treating
pituitary insufficiency. Moreover, our results are not sensi-
tive to the magnitude of the treatment effect.

In conclusion, we have performed a cost-utility anal-
ysis of routinely measuring FT4 in addition to TSH in
all specimens from primary care to identify patients with
hypopituitarism. We find that the deterministic ICER for
this strategy in someone aged 46 years compared with
using TSH alone exceeding £71000 per quality adjusted
life year does not reflect good value given limited NHS
resources. Adopting this would have a budget impact
of about £19.1million per year for England. Although
this a small proportion of the annual budget of labora-
tories in England (estimated at around 4% of the total
NHS budget, or about £2.5 billion),'® it represents money
that could not be spent on other services that may have
better returns for health. The magnitude of the change
in QALYs between strategies is small, so the estimates are
potentially unstable. Areas of uncertainty that markedly
influence these estimates include the utility of treated
and untreated hypopituitarism, the rate at which GPs
request TFT in people without pituitary disease and the
age of onset of hypopituitarism.
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